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Abstract Brain derived neurotrophic factor (BDNF) is
associated with pain modulation and central sensitization.
Recently, a role of BDNF in migraine and cluster headache
pathophysiology has been suspected due to its known
interaction with calcitonin gene-related peptide. Bi-center
prospective study was done enrolling four diagnostic
groups: episodic migraine with and without aura, episodic
cluster headache, frequent episodic tension-type headache,
and healthy individuals. In migraineurs, venous blood
samples were collected twice: outside and during migraine
attacks prior to pain medication. In cluster headache
patients serum samples were collected in and outside
cluster bout. Analysis of BDNF was performed using
enzyme-linked immunosorbent assay technique. Migraine
patients revealed significantly higher BDNF serum levels
during migraine attacks (n = 25) compared with headache-
free intervals (n = 53, P \ 0.01), patients with tension-
type headache (n = 6, P \ 0.05), and healthy controls
(n = 22, P \ 0.001). There was no significant difference
between patients with migraine with aura compared with
those without aura, neither during migraine attacks nor
during headache-free periods. Cluster headache patients
showed significantly higher BDNF concentrations inside
(n = 42) and outside cluster bouts (n = 24) compared with
healthy controls (P \ 0.01, P \ 0.05). BDNF is increased
during migraine attacks, and in cluster headache, further
supporting the involvement of BDNF in the pathophysi-
ology of these primary headaches.
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Introduction
Migraine is a neurologic disorder affecting about 11 % of
the population [1]. The mechanisms that have been
implicated in the pathophysiology of migraine include
neurogenic inflammation, cortical spreading depression,
central sensitization, and vascular involvement [2]. Acti-
vation of the trigeminovascular [3] system is thought to
play a pivotal role in both, migraine and cluster headache
pain processing [4]. Various peptides like calcitonin-gene
related peptide (CGRP), vasoactive intestinal peptide, and
substance P have been shown to mediate nociceptive
effects during headache pain generation and central
sensitization.
Brain-derived neurotrophic factor (BDNF) is the most
abundant neurotrophin within the central and the peripheral
nervous system [5]. In addition to effects on neuronal
development and differentiation it has been shown to exert
a pivotal role in the modulation of pain signaling [6]. It
affects plasticity of synapses in trigeminal nociceptive
pathways and is expressed in trigeminal ganglion neurons
[7–9]. Trigeminal release of BDNF is induced by inflam-
matory stimuli such as tumor necrosis factor-alpha and
vasoactive mediators of neurogenic inflammation including
CGRP [8, 10]. CGRP is an important regulator and player
in the pathogenesis of migraine and cluster headache
through the modulation of nociceptive transmission in
the trigeminovascular system [3]. Animal studies show a
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co-expression of CGRP with BDNF in trigeminal ganglion
neurons [7]. Additionally, BDNF release has been shown to
be induced by CGRP [9]. Hence interactions between
CGRP and BDNF have been suggested to increase migraine
susceptibility [11].
This prospective bi-center study aimed to analyze serum
levels of BDNF in patients with primary headache disorders,
i.e. migraine, cluster headache, and tension-type headache.
Materials and methods
Study sites and design
Three groups of headache patients were enrolled in this
prospective study: patients with episodic migraine with and
without aura, episodic cluster headache, and frequent epi-
sodic tension-type headache according to the current cri-
teria of the International Headache Society (ICHD-II [12]).
All patients were diagnosed by a headache specialist and
recruited in two headache outpatient clinics, respectively:
headache outpatient clinic at Innsbruck Medical Univer-
sity, Innsbruck, Austria, and the West German Headache
Center at the University of Duisburg-Essen, Essen,
Germany. In migraineurs and patients with cluster head-
ache collection of blood samples was performed twice:
during migraine attacks and during the interictal phase,
inside and outside cluster bouts, respectively. In patients
with tension-type headache (outside attack) and healthy
controls, one single blood sample was taken. Migraine
patients were contacted by phone 3 days after venipuncture
during headache-free periods to rule out blood sampling
during the premonitory phase of an upcoming migraine
attack. Hence, samples of patients, who experienced a
migraine attack within 72 h after blood sampling, were
excluded from the study.
Standard protocol approvals, registrations, and patient
consents
The study protocol was approved by the institutional
review boards at Innsbruck Medical University and the
University of Duisburg-Essen (Innsbruck AM3793a, Essen
10-4345). All patients and controls gave written informed
consent to study participation prior to study-related
procedures.
Inclusion and exclusion criteria
Patients, males and females, were included if they con-
sented to study participation, and were aged between 18
and 50 years. Migraine patients were included if they
suffered from at least one, but no more than eight migraine
attacks per month, and had not taken any pain medication
including non-steroidal anti inflammatory drugs (NSAIDs),
triptans or opioids 48 h prior to blood sample collection
and if phone contact was possible 3 days after blood
sampling. Patients taking any preventive medication for
prophylaxis of migraine or tension-type headache were
excluded. Further exclusion criteria were diagnosis of
medication overuse headache (according to ICHD II [12]),
more than ten headache days per month in migraineurs and
patients with tension-type headache and more than 10 days
per month with reported intake of medication for the acute
treatment of headache. Patients were not included if they
had a history of cardio or cerebrovascular disease, diabetes,
cancer, severe renal or hepatic disease. Patients with more
than one diagnosis of a primary headache, i.e. coexistent
migraine and tension-type headache, were excluded from
study participation. Pregnancy and breastfeeding were
additional exclusion criteria.
Blood samples and BDNF analysis
All blood samples were processed strictly following an
identical predefined protocol in both participating centers.
Venous cubital blood samples were centrifuged after a
clotting time of 30–60 min at 1,500 rcf for 15 min to
obtain serum. Immediately after centrifugation, serum
samples were divided into aliquots of 300 ll each and
stored at -20 C until use. Repeated freezing thaw cycles
were avoided. Measurement of BDNF was performed using
sandwich enzyme-linked immunosorbent assay according
to the manufacturer’s instructions (R&D Systems, Minne-
apolis, Minnesota). Precision of the assay was verified by
determination of the inter- and intra-assay coefficients of
variation, which were \15 and \10 %, respectively.
Patient and control samples were run on the same plates
with identical standard curves.
Statistical analysis
The Kolmogorov–Smirnov test was used to test for normal
distribution of continuous variables. To analyze repeated
measurements of serum levels the paired t test for
parametric data was performed and Dunn’s corrected for
multiple comparisons. The Mann–Whitney U test was
performed for comparison between two groups; for more
than two comparisons the Kruskal–Wallis test was used. In
order to test for important covariates (age, gender, hor-
monal contraception and smoking status) general estimat-
ing equation (GEE) models were calculated. The Pearson
correlation was used to test the association between head-
ache days per month/attack frequency and BDNF serum
levels. Data are presented as median (interquartile range,
IQR) unless otherwise stated. A two-sided P value of\0.05
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was considered as statistically significant. All statistical anal-
yses were performed using the PASW 18.0 package (SPSS
Inc., Chicago, IL, USA) and the GraphPad Prism 5 software
(GraphPad Prism Software Inc. San Diego, CA, USA).
Results
Baseline characteristics
Fifty-nine patients with episodic migraine were included in
the study. Of those 23 patients were diagnosed as migraine
with aura (ICHD II [12]). In 19 patients paired samples during
and outside migraine attacks were available. A total number of
52 cluster headache patients were included in the analysis.
Paired samples, i.e. in versus out bout, were collected in 14
patients with episodic cluster headache. Six patients with
tension-type headache in a pain-free interval as well as 22
healthy controls were included. Age, gender, smoking, and
hormonal contraception did not have significant effects on
peripheral BDNF serum levels (data not shown). For demo-
graphic and clinical data of the study population (see Table 1).
BDNF serum concentrations are listed in Table 2.
Migraine
In migraineurs, BDNF was significantly elevated during
migraine attacks compared with headache-free periods
(P \ 0.01), tension-type headache (P \ 0.05) and healthy
controls (P \ 0.001, Fig. 1a). When comparing paired
samples in 19 patients, for whom sera were available
Table 1 Demographic and clinical data of the study population
Characteristics Migraine with aura Migraine without aura Cluster headache Tension-type
headache
Healthy
controls
Outside
attack
During
attack
Outside
attack
During
attack
Outside
bout
Inside
bout
Outside attack Headache free
N 22 13 27 8 24 42 6 22
Mean age (±SD) 32.05 (±10.05) 31.48 (±7.89) 39.98 (±13.19) 30.83 (±5.60) 28.63 (±3.88)
Female gender, n (%) 17 (77) 20 (74) 7 [13] 5 (83) 10 (45)
Paired, n 11 8 14 n.a. n.a.
n.a. not applicable
Fig. 1 a Significant increase of brain-derived neurotrophic factor
(BDNF) during migraine attacks (ATT) compared with headache-free
periods (INT), tension-type headache (TTH), and healthy controls
(HC). b Comparison of BDNF levels in 19 patients, for whom paired
samples—during migraine attacks (ATT) and headache-free periods
(INT)—were available
Table 2 Serum concentrations of brain-derived neurotrophic factor (BDNF) in ng/ml
Migraine Cluster headache Tension-type headache Healthy controls
Outside attack During attack Outside bout Inside bout Outside attack Headache free
BDNF (all patients) 24.50 (±9.17) 31.24 (±9.31) 28.29 (±12.77) 27.77 (±9.35) 20.97 (±2.49) 21.20 (±5.64)
BDNF (paired samples) 31.07 (±10.58) 33.37 (±9.28) 30.29 (±13.13) 29.96 (±9.64) n.a. n.a.
All data are presented as mean ± SD
n.a. not applicable
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during and outside migraine attacks, no statistically significant
difference in BDNF concentrations was evident (Fig. 1b).
This effect is mainly driven by three patients. When excluding
these three patients there is a statistical trend towards higher
interictal BDNF levels compared with inside-attack BDNF
concentrations (P = 0.05). However, both outside-attack as
well as ictal BDNF levels were significantly higher compared
with controls (P \ 0.001). A subgroup analysis for migraine
with and without aura did not reveal different distribution of
BDNF levels (Fig. 2). However, in both groups, migraine with
and without aura, BDNF was again significantly elevated
during migraine attacks compared with interictal levels
(P \ 0.05, respectively). No statistically significant correla-
tion with migraine attack frequency/headache days per month
(r = 0.006), headache duration (r = 0.14) and serum con-
centrations of BDNF was found.
Cluster headache
BDNF was increased outside cluster bouts as well as dur-
ing cluster bouts compared with healthy control subjects
(P \ 0.05 and P \ 0.01, respectively, Fig. 3a). When com-
paring paired blood samples in patients with cluster headache,
BDNF was significantly elevated inside and outside bouts
compared with patients with tension-type headache, and
healthy controls (P \ 0.01, P \ 0.05, Fig. 3b. In three
patients with cluster headache serum was obtained during
cluster attacks. In those patients BDNF concentrations did not
emerge different from in bout levels (data not shown).
There was no significant difference in BDNF levels
between patients with tension-type headache and healthy
controls (P = 0.84).
Discussion
In this prospective bi-center study, BDNF serum levels in
patients with episodic migraine with and without aura,
episodic cluster headache, episodic tension-type headache,
and healthy control subjects were analyzed. Our main
findings were (1) BDNF is significantly elevated in patients
with migraine and cluster headache compared with patients
with tension-type headache and healthy controls. (2) Dur-
ing migraine attacks BDNF serum levels are significantly
higher compared with headache-free periods and controls.
This effect also holds true in both migraine subpopulations,
with and without aura, respectively. (3) Patients with
cluster headache revealed significantly increased BDNF
during cluster bouts, but showed also elevated out-bout
levels of BDNF.
BDNF is a member of the neurotrophin family and has
been recognized as an important modulator of nociceptive
pathways [13]. However, the effects of BDNF within the
nociceptive system seem to be manifold. An anti-noci-
ceptive effect is suggested in central pathways [14–16].
This is supported by results from animal studies showing
analgesia after intracerebroventricular administration of
BDNF [14]. By contrast, allodynia is mediated by BDNF in
experimental models of neuropathic pain [17]. These
contradictory results are partly explained by dose-depen-
dent effects of BDNF with low doses causing hyperalgesia,
whereas higher doses may lead to analgesia, an effect that
might be induced by the activation of different intracellular
pathways [13]. The trigeminal system is supposed to play a
central role not only in migraine but also in cluster head-
ache pathology [2, 3]. In vitro studies have demonstrated
the expression of BDNF in trigeminal ganglion neurons
[6]. BDNF release is induced by trigeminal stimula-
tion and nociceptive inputs [18]. Interestingly, BDNF is
co-expressed with CGRP in trigeminal ganglion neurons
[9]. CGRP is one of the key molecules in migraine and
cluster headache pathogenesis [4, 19]. It is released after
activation of perivascular sensory trigeminal nerve fibers
[20]. Levels of CGRP measured in the external jugular vein
have been found to be elevated during migraine attacks and
cluster headache [21]. Interactions between neurotrophic
factors and neuropeptides such as CGRP are manifold:
BDNF release from trigeminal ganglion neurons has been
shown to be induced by CGRP in vitro, an effect that was
reversible in the presence of a CGRP-receptor antagonist
[8]. Interestingly, CGRP gene expression is increased by
the nerve growth factor NGF via activation of CGRP
promotor enhancers [22]. The application of an anti-BDNF
antibody decreased both CGRP and BDNF in rat dorsal
root ganglia [23]. Results of a recent case–control study
suggest an interaction of CGRP and BDNF polymor-
phisms, contributing to migraine susceptibility [11].
Neurogenic inflammation is thought to play a pivotal
role in migraine pathology [24, 25]. Interestingly, BDNF is
up-regulated in primary sensory neurons by inflammation
[10, 26]. Peripheral and cerebrospinal fluid levels of pro-
Fig. 2 BDNF levels in migraine with and without aura during
headache-free periods (INT) and migraine attacks (ATT), respectively
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inflammatory cytokines have been found to be elevated in
migraineurs [27–29]. Cytokine-induced release of pain
modulators such as BDNF from trigeminal neurons might
underline the interaction of inflammatory and neuronal
pathways leading to neurogenic inflammation.
This study is limited by the fact that we could not find a
statistical significant difference between interval and attack
BDNF values in the subgroup of the paired samples. When
interpreting these findings one has to keep in mind that this
result is driven by three patients only. Thus, excluding these
three patients reaches again statistical significance, confirm-
ing the results of the whole group analysis. Still this cannot be
simply regarded as a selection bias and should be further
investigated in a future study. Our study supports the
hypothesis that BDNF has an important role in migraine
pathophysiology. Significant elevation during migraine
attacks even in serum samples from peripheral, cubital veni-
puncture could be shown. BDNF increase might be interpreted
as a general reaction to pain. However, the elevation of BDNF
even outside migraine attacks (in the subgroup analysis of
patients with paired samples) and also outside cluster bouts
without presence of pain in contrast to normal levels of BDNF
in tension-type headache suggests an exclusive effect in
headaches with trigeminal involvement.
Cortical spreading depression, characterized by a wave
of oligemia spreading along the cortex of the brain, has
been considered as the pathophysiological equivalent of
migraine aura [30, 31]. Up-regulation of BDNF mRNA has
been observed after cortical spreading depression in
experimental in vivo studies [32, 33]. However, we did not
find a difference in BDNF serum concentrations between
patients with migraine with and without aura.
Our findings are in contrast with the results of Blandini
et al. [34] reporting decreased platelet levels of BDNF in
patients with migraine with and without aura as well as
patients with cluster headache. By contrast, circulating
BDNF serum levels measured in our study are elevated in
migraineurs. These conflicting results might be attributable
to platelet activation during migraine attacks with immediate
release of BDNF upon activation leading to decreased
platelet levels [35]. In a prospective pilot study BDNF serum
levels were analyzed in nine migraineurs during migraine
attacks and interictal phase [27]. Consistent with our results
Tanure et al. [27] report an elevation of BDNF during
migraine attacks compared with the headache-free period.
The present study is the first to report an increase of BDNF
in patients with cluster headache. Surprisingly, elevated
BDNF levels were detected not only during cluster bouts but
also outside bouts. Increased CGRP levels were reported in
cluster headache patients in jugular venous blood samples,
indicating trigeminal activation [36]. Since BDNF is co-
expressed with CGRP in trigeminal ganglion neurons,
increased BDNF levels might indicate trigeminal activation
[8, 9]. In a study by Di Piero et al. [37] pain stimulation in
cluster patients outside bouts revealed a pathological response
in cerebral blood flow compared with healthy controls sug-
gesting that alterations in pain processing are also present
outside active cluster periods. Elevation of BDNF during and
outside cluster bouts might result from continuous trigeminal
activation in cluster headache patients, which should be
investigated in future trials.
This study is limited by the small size of the patient
group with frequent episodic tension-type headache.
However, all patients were recruited from two specialized
headache outpatient clinics, where the patient population is
rather focused on chronic but on episodic tension-type
headache. Moreover, many patients with tension-type
headache seen in specialized headache centers suffer from
medication overuse headache and were thus not eligible for
study participation according to the predefined study pro-
tocol. We were not able to include a higher number of
patients with cluster headache during cluster attacks. This
was mainly caused by the fact that cluster attacks showed
an average duration of 75 min and face-to-face patient
contact was often not possible within that time period.
Various studies suggest the involvement of BDNF in
pain processing and peripheral as well as central
Fig. 3 a Elevated serum levels of brain-derived neurotrophic factor
(BDNF) inside (IB) and outside cluster bouts (OB). b Paired samples
of cluster headache patients (n = 14) show a similar distribution with
a significant elevation of BDNF levels in and out cluster bouts
compared with controls
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sensitization [38, 39]. This is the first study to show ele-
vation of BDNF in both migraine and cluster patients. Our
results underline the important role of this neurotrophic
factor in nociceptive pathways.
Acknowledgments C.G. received speaker’s honoraria from Berlin
Chemie AG (Germany), MSD (Germany), Boehringer Ingelheim
(Germany) and Allergan (Germany). C.G. received a travel grant
from Medronic (Germany). G.B. received speaker’s honoraria from
Menarini Pharma (Austria), Astra Zeneca (Austria), Allergan
(Austria). DH received a scientific grant from Gru¨nenthal (Germany).
This research received no specific grant from any funding agency in
the public, commercial, or not-for-profit sectors.
Conflict of interest None of the authors states any conflict of
interest which influences this work.
Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.
References
1. Lipton RB, Stewart WF, Scher AI (2001) Epidemiology and
economic impact of migraine. Curr Med Res Opin 17(Suppl
1):s4–s12 (Epub 2002/12/05)
2. Goadsby PJ, Lipton RB, Ferrari MD (2002) Migraine—current
understanding and treatment. N Engl J Med 346(4):257–270
(Epub 2002/01/25)
3. May A (2003) The trigeminovascular system in the human.
Cerebral blood flow, functional imaging and primary headache.
Nervenarzt 74(12):1067–1077
4. Leone M, Bussone G (2009) Pathophysiology of trigeminal
autonomic cephalalgias. Lancet Neurol 8(8):755–764
5. Lipsky RH, Marini AM (2007) Brain-derived neurotrophic factor
in neuronal survival and behavior-related plasticity. Ann N Y
Acad Sci 1122:130–143
6. Thompson SW, Bennett DL, Kerr BJ, Bradbury EJ, McMahon
SB (1999) Brain-derived neurotrophic factor is an endogenous
modulator of nociceptive responses in the spinal cord. Proc Natl
Acad Sci USA 96(14):7714–7718
7. Latremoliere A, Woolf CJ (2009) Central sensitization: a gener-
ator of pain hypersensitivity by central neural plasticity. J Pain
10(9):895–926
8. Buldyrev I, Tanner NM, Hsieh HY, Dodd EG, Nguyen LT,
Balkowiec A (2006) Calcitonin gene-related peptide enhances
release of native brain-derived neurotrophic factor from trigem-
inal ganglion neurons. J Neurochem 99(5):1338–1350
9. Ichikawa H, Yabuuchi T, Jin HW, Terayama R, Yamaai T,
Deguchi T et al (2006) Brain-derived neurotrophic factor-immu-
noreactive primary sensory neurons in the rat trigeminal ganglion
and trigeminal sensory nuclei. Brain Res 1081(1):113–118
10. Balkowiec-Iskra E, Vermehren-Schmaedick A, Balkowiec A
(2011) Tumor necrosis factor-alpha increases brain-derived
neurotrophic factor expression in trigeminal ganglion neurons in
an activity-dependent manner. Neuroscience 180:322–333
11. Lemos C, Mendonca D, Pereira-Monteiro J, Barros J, Sequeiros J,
Alonso I et al (2010) BDNF and CGRP interaction: implications
in migraine susceptibility. Cephalalgia 30(11):1375–1382
12. International Headache Society (2004) The international classifi-
cation of headache disorders: 2nd edition. Cephalalgia 24(Suppl 1):
9–160
13. Merighi A, Salio C, Ghirri A, Lossi L, Ferrini F, Betelli C et al
(2008) BDNF as a pain modulator. Prog Neurobiol 85(3):297–
317
14. Cirulli F, Berry A, Alleva E (2000) Intracerebroventricular
administration of brain-derived neurotrophic factor in adult rats
affects analgesia and spontaneous behaviour but not memory
retention in a Morris Water Maze task. Neurosci Lett 287(3):
207–210
15. Altar CA, Siuciak JA, Wright P, Ip NY, Lindsay RM, Wiegand SJ
(1994) In situ hybridization of trkB and trkC receptor mRNA in
rat forebrain and association with high-affinity binding of
[125I]BDNF, [125I]NT-4/5 and [125I]NT-3. Eur J Neurosci
6(9):1389–1405
16. Fukuhara K, Ishikawa K, Yasuda S, Kishishita Y, Kim HK,
Kakeda T et al (2011) Intracerebroventricular 4-methylcatechol
(4-MC) ameliorates chronic pain associated with depression-like
behavior via induction of brain-derived neurotrophic factor
(BDNF). Cell Mol Neurobiol (Epub 27 Dec 2011)
17. Zhang X, Xu Y, Wang J, Zhou Q, Pu S, Jiang W et al (2012) The
effect of intrathecal administration of glial activation inhibitors on
dorsal horn BDNF overexpression and hind paw mechanical allo-
dynia in spinal nerve ligated rats. J Neural Transm 119(3):329–336
18. Ulmann L, Hatcher JP, Hughes JP, Chaumont S, Green PJ,
Conquet F et al (2008) Up-regulation of P2X4 receptors in spinal
microglia after peripheral nerve injury mediates BDNF release
and neuropathic pain. J Neurosci 28(44):11263–11268
19. Goadsby PJ, Edvinsson L, Ekman R (1988) Release of vasoactive
peptides in the extracerebral circulation of humans and the cat
during activation of the trigeminovascular system. Ann Neurol
23(2):193–196
20. Buzzi MG, Moskowitz MA (1992) The trigemino-vascular sys-
tem and migraine. Pathol Biol (Paris) 40(4):313–317
21. Tfelt-Hansen P, Le H (2009) Calcitonin gene-related peptide in
blood: is it increased in the external jugular vein during migraine
and cluster headache? A review. J Headache Pain 10(3):137–143
22. Durham PL, Russo AF (2003) Stimulation of the calcitonin gene-
related peptide enhancer by mitogen-activated protein kinases
and repression by an antimigraine drug in trigeminal ganglia
neurons. J Neurosci 23(3):807–815
23. Orita S, Eguchi Y, Kamoda H, Arai G, Ishikawa T, Miyagi M
et al (2011) Brain-derived neurotrophic factor (BDNF) inhibition
at the punctured intervertebral disc downregulates the production
of calcitonin gene-related peptide (CGRP) in dorsal root ganglia
in rats. Spine (Epub 5 May 2011)
24. Moskowitz MA (1993) Neurogenic inflammation in the patho-
physiology and treatment of migraine. Neurology 43(6 Suppl
3):S16–S20
25. Williamson DJ, Hargreaves RJ (2001) Neurogenic inflammation
in the context of migraine. Microsc Res Tech 53(3):167–178
26. Tarsa L, Balkowiec-Iskra E, Kratochvil FJ III, Jenkins VK,
McLean A, Brown AL et al (2010) Tooth pulp inflammation
increases brain-derived neurotrophic factor expression in rodent
trigeminal ganglion neurons. Neuroscience 167(4):1205–1215
27. Tanure MT, Gomez RS, Hurtado RC, Teixeira AL, Domingues
RB (2010) Increased serum levels of brain-derived neurotropic
factor during migraine attacks: a pilot study. J Headache Pain
11(5):427–430
28. Bo SH, Davidsen EM, Gulbrandsen P, Dietrichs E, Bovim G,
Stovner LJ et al (2009) Cerebrospinal fluid cytokine levels in
migraine, tension-type headache and cervicogenic headache.
Cephalalgia 29(3):365–372
29. Ishizaki K, Takeshima T, Fukuhara Y, Araki H, Nakaso K,
Kusumi M et al (2005) Increased plasma transforming growth
factor-beta1 in migraine. Headache 45(9):1224–1228
30. Leao AA (1944) Spreading depression of activity in the cerebral
cortex. J Neurophysiol 7:359–390
474 J Headache Pain (2012) 13:469–475
123
31. Olesen J, Larsen B, Lauritzen M (1981) Focal hyperemia fol-
lowed by spreading oligemia and impaired activation of rCBF in
classic migraine. Ann Neurol 9(4):344–352
32. Rangel YM, Kariko K, Harris VA, Duvall ME, Welsh FA (2001)
Dose-dependent induction of mRNAs encoding brain-derived
neurotrophic factor and heat-shock protein-72 after cortical
spreading depression in the rat. Brain Res Mol Brain Res 88(1–2):
103–112
33. Kariko K, Harris VA, Rangel Y, Duvall ME, Welsh FA (1998)
Effect of cortical spreading depression on the levels of mRNA
coding for putative neuroprotective proteins in rat brain. J Cereb
Blood Flow Metab 18(12):1308–1315
34. Blandini F, Rinaldi L, Tassorelli C, Sances G, Motta M, Samuele
A et al (2006) Peripheral levels of BDNF and NGF in primary
headaches. Cephalalgia 26(2):136–142
35. Tietjen GE, Khubchandani J (2009) Platelet dysfunction and
stroke in the female migraineur. Curr Pain Headache Rep
13(5):386–391
36. Goadsby PJ, Edvinsson L (1994) Human in vivo evidence for
trigeminovascular activation in cluster headache. Neuropeptide
changes and effects of acute attacks therapies. Brain 117(Pt 3):
427–434
37. Di Piero V, Fiacco F, Tombari D, Pantano P (1997) Tonic pain: a
SPET study in normal subjects and cluster headache patients.
Pain 70(2–3):185–191
38. Ren K, Dubner R (2007) Pain facilitation and activity-dependent
plasticity in pain modulatory circuitry: role of BDNF-TrkB sig-
naling and NMDA receptors. Mol Neurobiol 35(3):224–235
39. Lu VB, Biggs JE, Stebbing MJ, Balasubramanyan S, Todd KG,
Lai AY et al (2009) Brain-derived neurotrophic factor drives the
changes in excitatory synaptic transmission in the rat superficial
dorsal horn that follow sciatic nerve injury. J Physiol 587(Pt
5):1013–1032 (Epub 2009/01/07)
J Headache Pain (2012) 13:469–475 475
123
